The walls are supposed able to reflect the particles elastically and with a reflection coefficient of unity. We discuss a toy Lagrangian that could
give rise to such a phenomenon. In the simple model studied we obtain highly non-relativistic and slowly varying speed s for the domain walls (-._ 10-2(1 + z) -_) and negligible distortions of the microwave background.
In addition, these topological defects may provide a mechanism of forming the large scale structure of the Universe, by creating fluctuations in 
(2) at x = xo we see that cqO/c3x becomes very big when A --, 0 (OO/c3x .,. A -1 ), while the c32d;/c3x 2 term is very small ( it would be exactly c3_d;/oOx 2 = 0 if the wail were straight ). In the thin wall approximation we therefore get to the final expression
where r, and r_ are the principa]comoving radiiof curvature at the chosen point of the wall network.
If there were no universal expansion (set a = 1 constant ) then eq.(3) would look like _o = -(l/r1 + 1/r_) ; if a is the mass-energy density of the walls, then PT = a(1/rl + 1/r_) would simply be the pressure due to the surface tension, exactly the same form that one obtains in condensed matter. This also reminds us that eq. (3) is just Newton's second law divided by a.
The friction term
We now derive the pressure exerted on the wails moving with speed v << 1 through some homogeneous medium interacting with it. We are going to study only the case in which the medium remains homogeneous throughout all the period of evolulion considered. This can be considered valid, for example, if perfectly reflecting walls move so little that they are not able to reshuffle the bulk of the matter, i.e. if they move of a small fraction of the distance between each other, so that no particle interacts with two different walls in a cosmological time (see also the discussion at page 7). In all the following we are restricting ourself to this simple case.
We begi n by writing down the general expression for the friction force acting on the domain walls as they move non-relativistically through a homogeneous ga_s. The particles coupled with the walls will be taken to be weakly interacting (WIMP's). We will also suppose that the walls are able to reflect elastically all the incident particles, regardless of their energy at the impact. This condition could be relaxed, as we will discuss at the end of this section.
For a non-relativistic gas we can write that the pressure exerted by the gas on the walI is given by (see Appendix) :
where B -re T, y = B_v and y_ = B°v_.
Let's consider the limits in which y << 1 and y >> 1. In the former case the thermal speed of the particles is much greater than the speed of the domain wall, since the average thermal momentum of the particles is i0 "-, T; in the latter case the wall is moving through particles effectively at rest and the volume spanned remains depleted of the gas. The case y >> 1 will turn out to be the most interesting in our discussion.
For y << 1, changing the variables inside the integrals ( yl = y-y_) and expanding The case in which the gas is relativistic is even easier, since the number of particles hitting the wall per unit time is simply given by n ( c = 1 ) on both sides of the surface.
Taking v << 1 we get
so that Pf~v T 4 which is the limit discussed in the review 1
We can also give an evaluation of the average thermal speed of the particles interacting with the walls e.g. for light neutrinos and for gas having the Boltzmann distribution, supposing that the particles decouple at a certain zd (note that throughout the paper z + 1 --a-l). for Td >:> m. Ifweassume neutrinos of mass m = 10 eV and Td~1 Mev weget _(z)~10 -_ at z = 0. This result: will turn out to be useful in the following discussion.
In closing this section we go ba:ckbriefly to our initial assumptions. Although we are interestedhere in studying the consequences of a reflection coefficientcloseto unity, there could be casesin which onehas to deal with an energydependentpartial transmissionof the incident particles through the walls. This would lead to a classof solutionsin which the walls may decouplefrom the matter after a certain stage,when their speed with respectto the matter becomesbigger than a critical value. These possibilitiesare at presentunder investigation and go beyond the goalsof this paper. 
where we define K --k_-1.
Eq. (11) can be finally written in the more useful comoving coordinates as
We are interested in how much the walls move in average from the original con- Our goal would be to determine a given _, but before doing so we should slightly modify eq.(14) taking into account the following correction.
The friction term we utilize in eq. (10) is based on the assumption that only one reflection occurs to each particle, tn comoving coordinates the speed of a free particle goes like _p --, a -2. In the case y >> 1 after being reflected particles have a speed double than that of the wall, but this decreases due to the universal expansion and soon they get scattered again.
A priori this fact could modify the form of the law of motion of the walls, but this is not the case, as ,re will see in a moment.
Let's give a numerical estimate. Consider a wall moving at constant comoving speed (we will check the validity of the assumption at the end of the calculation). At a certain time t_ a particle at rest is reflected and its speed is henceforth given by.
÷p(t) = 2i'(t,/t) 4/3 (since a = t 213 if fl = 1). The maximum comoving distance x_a_ from the wall is reached at the time tma,, when the wall and the particle have equal speed. This yields ÷p(tma_) = _ "-* t_ = 1.7t_ ---* Xm,_ = 0.2_tm_ = 0.2÷a 3/_, which is roughly as far as any scattered particle can get from the kink.
All the matter in the volume swept by the wall from its formation is contained within a distance Xma, in front of the kink, while the total distance traveled by the wall is _'-'T .._ i't_: = i'a 3/2. Since -AT/Xm_, _ con.st., we take the density of the We can now easily see that the self-consistency conditions on eq.(12) are ensured.
In fact, we know that (_'7)a/= ,,_ alO-=
which says that our initial assumption v << 1 is satisfied by a big margin.
means that at z > 30 the speed of the walls is smaller than the average thermal speed of particles like neutrinos with mass m > 10 eV (see estimate given by eq.(9) and compare it with eq.(17)).
In general, when this occurs the friction term we used eq. (6) has to be replaced by eq.(5 In concluding the discussion we point out that one can also consider late first order phase transitions in order to achieve our big values for the average interwall distance, even while starting with a much smaller comoving correlation length at the critical temperature.
In this way one can remove the lower bound on A obtained in this section. Such an analysis is left for future investigation.
Conclusion
This paper wants to offer a framework for future work. We have made the following assumptions:
• A network of domain walls is established in the primordial Universe through a second order phase transition. • The configuration is bound to expand with the background comoving coordinates (up to higher order corrections).
We reach the following conclusions:
• There is a wide range of values for a, surface density of the domain walls, such that/_o, the average inter-wall distance today is of the order of the large scale structure observed for the galaxies.
• The mechanism t'lat generates the fluctuations in the distribution of the dark matter could be related also to the particle Lagrangian, and not just gravita- On the other side of the wall Ap has opposite sign, so that we can write that the pressure exerted by the gas on the wall is given by: 12. We can do this since both (3) and (6) 
